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H~/~robasidion annosum was confirmed to be present in 17 of 30 thinned slash pine (Pinus
~//iolli,) plantations in north and north central Florida. Symptoms of possible root disease
were detected on only 8% of 1,840 live trees, 14% of 2,204 stumps, and 13% of 811 dead
trees examined. Although H. annosum was isolated from 47% of root and wood samples with
white stringy rot, this symptom was observed in only 0.6, 5, and 4% of the live trees, stumps,
and dead trees, respectively. Resin-soaking and/or staining was observed in 6, 2, and 7%,
respectively, of the live trees, stumps, and dead trees, and H. annosum was isolated from

.-'only 10% of root and wood samples e~hibit~ng this. sympt?m. lnonolus ~ir~inalus was isolated

.'from 9% of root and wood samples displayIng resln-soaklng and/or statntng. Other root and
stump infecting fungi detected were Armi//arie//a labescens, Phaeo/us schweinilzii, Leplo-
graphium procerum, Fomilopsis pa/us Iris, Monascus j1oridanus, and a Ganoderma sp. A.
lab~sc~ns was a predominant root and stump colonizer in four of the 30 plantations and sometimes
occurred in the same roots as H. annosum. H. annosum was confirmed present in only two
of II plantations surveyed with the "annosus sampling procedure," whereas the presence of
the pathogen was confirmed in six of the same 11 plantations via a 20-unit plantation-row
plot method. In one plantation, H. annosum was undetected using the annosus sampling
procedure, despite the fact that the fungus was isolated, respectively, from 33, 83, and 60%
of the live trees, stumps, and dead trees sampled via the plantation-row plot method.

Annosum root rot, caused by Heter-
obasidion annosum (Fr.:Fr.) Bref., is
considered one of the most destructive
diseases affecting conifers in the north
temperate regions of the world. The
disease occurs most often in thinned
stands where the pathogen can cause
direct mortality (7,8,18,29,33), reduced
rates of growth (4,16,21), and increased
susceptibility to attack by bark beetles
(4,5). Although incidence of H. annosum
in stumps and residual trees in thinned
conifer stands has been estimated in sev-

eral geographical areas of North America
(8,17,28,31,33,41), a satisfactory under-
standing of the overall impact of anno-
sum root rot in managed pine stands in
Florida is lacking.

H. annosum has been identified as a
cause of reduced growth and mortality
in certain thinned and unthinned planta-
tions of slash pines (Pinus elliottii
Engelm.) in Florida (E. L. Barnard, un-
published; G. M. Blakeslee, personal
communication). In 1978, foresters from
the Florida Division of Forestry reported
that eight of 64 slash pine plantations,
thinned within the previous 10 years,
were infected with H. annosum (E. L.
Barnard, unpublished). Trees in an addi-
tional 23 of these 64 plantations were
reported to be exhibiting symptoms typi-
cal of those induced by H. annosum (e.g.,
crown thinning, windthrow, dead or dy-
ing trees, resinous or white-stringy rot-
ted roots). While such observations and
unconfirmed reports provide a frame-

work for consideration, they fail to pro-
vide an assessment of disease impact or
risk-hazard rating sufficient for issuing
sound and cost-effective recommenda-
tions for disease prevention. For exam-
ple, should foresters and landowners
considering thinning stands treat stumps
with protective chemicals? If they should,
at what cost (7,11,23,25,32,35,39)? To
better understand the incidence and
severity of annosum root rot in Florida,
we conducted a survey of thinned slash

pine plantations.

MATERIALS AND METHODS
Industrial, consulting, and Florida Di-

vision of Forestry foresters throughout
north and central Florida were provided
with data forms and asked for back-
ground data on slash pine plantations
thinned between 1972 and 1983. From
a total of 294 forms returned, 30 planta-
tions (Fig. I) were selected for field evalu-
ation after consultations with George
Ryan, Statistician, Forest Pest Manage-
ment, Region 8, USDA Forest Service
in Atlanta. Selected plantations were
stratified so as to evaluate stands thinned
I) between 3 and 8 yr before our survey
(i.e., each surveyed plantation was thin-
ned 3-8 yr prior to actual visitation), 2)
in calendar years 1976-1983, 3) in all
four seasons of the year, and 4) on each
of three broadly defined site-soil types
(Fig. 2).

Depending on plantation size, 10 or
20 plots «8 ha = 10 plots, ?:8 ha =

20 plots) were distributed at regular
intervals throughout each selected plan-
tation, spaced according to number of
rows of trees and distances within rows.
Each plot consisted of 20 sampling units
in a plantation row, with units identified
as live trees, stumps, and dead trees (Fig.
3). Each tree was examined for above-
ground indicators of annosum root rot
(crown thinning, chlorosis, sporophorcs,
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ever, only 10% of 154 RSS samples
isolated on laboratory media yielded H.
annosum, whereas 47% of 68 WSR sam-
ples yielded the pathogen. Twenty-two
percent of the RSS samples yielded pri-
marily other fungi upon isolation, a
number of which are well-known root
pathogens of conifers. I. circinalUS was

8

was detected in only two plantations, but
it occurred on 29 and 45% of the trees
in these plantations. Evidence of ips
engraver beetle activity was negligiblethroughout the survey. .

Sporophores of H. annosum and other
root rot and decay fungi were observed
very infrequently during the survey.
Sporophores of H. annosum were de-
tected on only two, 26, and four live trees,
stumps, and dead trees, respectively.
Twenty-five of the 26 stumps with spor-
ophores were in one plantation. These
stumps represented 26% of the stumps
examined in that plantation. Sporo-
phores of lnonotus circinatus (Fr .) R. L.
Gilbertson, on the other hand, were de-
tected on four live trees, two stumps. and
one dead tree, generally in association
with basal fusiform rust galls. In one
plantation, sporophores detected most
frequently were those of Fomitopsis
palustris (Berk & M. A. Curtis) R. L.
Gilbertson & Ryvarden (10 of 114
stumps, largely in association with what
we call a "white punky rot") and a
Ganoderma sp. (16 of 114 stumps).

Symptoms of possible root disease
were detected in al130 plantations. How-
ever, symptoms were detected in only 8,
14, and 13% of the live trees, stumps,
and dead trees examined. White stringy
rot (WSR) symptoms were detected in
only 0.6% of the live-tree root systems,
5% of the stumps, and 4% of the dead
trees (Table I ). Nearly half of the stumps
with WSR occurred in the plantation
where 25 of the 95 stumps examined had
sporophores of H. annosum. However,
only three of 80 live-tree root systems
and three of 43 dead trees examined in
this plantation exhibited either WSR or
resin-soaking and/ or staining (RSS).
Laboratory isolations from five of these
six sample units failed to yield H.
annosum; the pathogen was isolated
from one of the three dead trees sampled.

RSS was detected in 6, 2, and 7%,
respectively, of the live-tree root systems,
stumps, and dead trees (Table 1). How-

'76 '77 '78 '79 '80 '81 '82 '83
O CALENDAR yEAR ni~ED

.~"
~

;::

basal resinosis, etc.). Soil at the base of
each stump and dead tree was removed,
and roots or portions thereof were ex-
cavated, dismantled manually with a
mattock and axe, and examined for
fungal signs, resin-soaking, and wood
decay indicative of annosum or other
root rot. Additionally, at least two roots
from each of four live trees (positions
1, 6, 11, and 16 or the next in linear
sequence if necessitated by the presence
of stumps or dead trees) were uncovered
with a mattock and examined for evi-
dence of root disease, employing a modi-
lied version of Alexander and Skelly's
"two root method" (3). Efforts were
made to examine roots of live trees on
sides closest to stumps and dead trees
(Fig. 3). Each root was examined for a
length of about 0.5-1.5 m. For compar-
ison, we simultaneously employed the
"annosus sampling procedure" (ASP) as
described by Alexander and Anderson
(1,2) in 11 of our 30 survey plantations
(ASP plots were located near the center
of our 20-unit plantation-row plots). In
addition, all units were examined for the
presence of stem infections of fusiform
rust (caused by Cronartium quercuum
(Berk.) Miyabe ex Shirai f. sp.fusiforme
(Hedgc. & Hunt) Burdsall & G. Snow),
pitch canker (caused by Fusarium sub-
gJutinans (Wollenweb. & Reinking) P. E.
Nelson, T. A. Toussoun, & Marasas),
and evidence (e.g., pitch tubes, entrance-
emergence holes) of infestation by ips
engraver beetles (Ips spp.).

Representative samples of root and
wood tissues with symptoms of possible
root disease were transported on ice to
the laboratory. Wood chips were re-
moved aseptically from root and wood
samples or removed and surf~ce dis-
infected (dipped in 95% ethanol and
flamed or dipped for 2 min in 0.5%
sodium hypochlorite and rinsed in sterile
deionized water), placed on malt extract
agar and Russell's agar (40), and incu-
bated at room temperature under normal
laboratory lighting. Cultures were exam-
ined as required over 1-3 wk.

~ *-:*- * *::~-

.. *
,...I'"""~T.~ :.,...\

.

RESULTS
The 30 plantations surveyed repre-

sented a total of 456 ha. Sixteen planta-
tions were ~8 ha and 14 were <8 ha.
In all, 460 plots with 9,200 sample units
(6,185 live trees, 2,204 stumps, 811 dead
trees) were observed, and roots of 1,840
live trees as well as all stumps and dead
trees were excavated and examined.
Plantations surveyed ranged in age from
17 to 33 yr(x= 23). Tree mortality within
plantations surveyed (i.e., percentage of
dead trees, all causes) evident at the time
of the survey averaged 11% (range:
2-32%). Fusiform rust was detected in
29 of the 30 plantations at incidence
levels (stem infections only) ranging from
I to 55% (x = 12%) on live trees, I to
48% (x = 9%) on stumps, and 2 to 100%
(x = 33%) on dead trees. Pitch can~er
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eJ Fig. 2. Stratification of the 30 plantations
surveyed with respect to ,(A) calendar year
thinned. (8) years thinned prior to survey, (C)
season of thinning (F = fall, W = winter,
SP = spring, S = summer, UNK = unknown),
and (D) general site-soil category (FW =
flatwoods; SPD = shallow, poorly drained;
DWD = deep, well drained).

"

Fig. I. Distribution of thinned slash pine
plantations surveyed. Solid circles indicate
plantations in which Armi//arie//a tabescens
was a predominant colonizer of residual stumps
and roots.
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Fig. 3. (A) Survey plot schematic (profile) showing 20 sampling units (live trees, stumps, and
dead trees) in a linear plantation-row plot. Circled numbers indicate units that had roots excavated
and examined. Arrows indicate selection and location of live trees for root excavation and
examination. (8) Vertical schematic of sampling units 10-14 showing typical pattern of root
excavation and examination (stippled areas) (S = stump, D = dead tree, GT = green, live

tree).

Table I. Summary of "root rot" symptoms and signs detected in thinned slash pine plantations
in Florida and results of laboratory isolations
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isolated from 9% of the RSS samples
overall, and in fact was isolated more
frequently than H. annosum from RSS
roots on live trees. Phaeolus schweinitzii

. (Fr.:Fr.) Pat., Armillariella tabescens
(Scop.) Singer, and/or Leptographium
procerum (Kendrick) M. J. Wingfield
were isolated from 8% of the RSS root
and wood samples processed.

In four plantations (Fig. I ), among the
predominant symptoms and signs of root
disease infection detected in stumps and
roots were those produced by A. tabes-
cens (Table 2), i.e., a distinct water-soak-
ing of wood tissues associated with the
typical subcortical mycelial felts of the
fungus ( 10,34,37). The association of A.
tabescens was confirmed in all four of
these plantations (and at a lower inci-
dence in three other plantations) by iso-
lation. In two of these four plantations
(stands 25 and 26), infections by A.
tabescens were closely associated with
infections by H. annosum, as indicated
by the recovery of the latter in the labor-
atory from roots displaying water-soak-
ing and subcortical mycelial felts of the
former (Table 2).

In the II plantations surveyed with
both the ASP and our 20-unit plantation-
row plot method, an average of 17.1 %
of the roots examined in each plantation
via the ASP were classified as sympto-
matic of possible root disease. This com-
pares with averages of 8.4, 12.3, and

. 17.8% of live trees, stumps, and dead
" trees, respectively, which were classified

as symptomatic with our plantation-row
plot method (Table 3). With the ASP ,
H. annosum was confirmed to be present
in only two of II plantations, but with
the plantation-row plot method the pres-
ence of the fungus was confirmed in six
of the same II plantations (one planta-
tion by sporophore detection only). In
stand 25, we were unable to confirm the
presence of H. annosum via the ASP
(augmented with isolations) despite the
fact that 25% of the 87 roots examined
via this procedure were classified as
symptomatic. Isolations from seven of
these symptomatic roots failed to yield
H. annosum; two of the seven roots
yielded A. tabescens. In this same stand,
symptomatic roots collected via our
plantation-row plot method from live
trees, stumps, and dead trees, respec-
tively, confirmed H. annosum in 33,83,
and 60% of these units upon isolation;
A. tabescens was isolated from one
stump and one dead tree. Overall, a
greater variety of root pathogenic fungi
were confirmed present in the plantations
surveyed via our 20-unit plantation-row
plot method (Table 3).

Overall, the presence of H. annosum
."c. was confirmed by laboratory culture or
V the positive identification of sporophores

in the field, or both, in 17 of the 30 planta-
tions surveyed. The pathogen was con-
firmed in six of 10 winter-, three of five
spring-, and four of six fall-thinned

.WSR = white stringy rot, RSS = resin-soaked and/or stained, WS+At = water-soaked with
subcortical mycelial felt of Armillariella tabescens. Other = variously defined as brown rot,
red-orange discoloration, white pocket rot, yellow-orange stringy rot, and white punky rot.

b Ha = Heterobasidion annosum, At = Armillariella tabescens, lc = lnonotus circinatus, Ps =
Phaeolus schweinitzii, Fp = Fomitopsis palustris, MI = Monascus j1oridanus, l..p =

uptographium procerum.
c 49 stumps with WSR occurred in one plantation; 25 of these stumps had sporocarps of H.

annosum.
d66 of these stumps occurred in one plantation; 43 with white punky rot (6/12 isolations =

F. palustris) and 23 with brown rot (seven isolations, negative). Sporophores of Ganoderma
sp. and F. palustris occurred on 16 and 10 stumps, respectively.
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(Fig. 2). With respect to site and soil type,
the fungus was confirmed in four of eight
survey plantations occurring in flat-
woods; three of six on shallow, poorly
drained sites; and 10 of 16 on deep, we1I-
drained sites.

plantations. In only two of the six planta-
tions reportedly thinned during the
summer was the presence of the path-
ogen confirmed. The season of thinning
for three of the survey plantations was
not identified on plantation data forms

DISCUSSION
Our survey revealed no evidence that

H. annosum constitutes a general threat
to thinned slash pine plantations in
Florida. H. annosum was isolated from
symptomatic root and wood tissues more
frequently than any other known or sus-
pected root-pathogenic fungus identi-
fied. However, the overall incidence of
stumps and roots with symptoms or signs
of infections by H. annosum was con-
sidered inconsequential. Relatively few
of the live trees, stumps, and dead trees
examined displayed any symptoms of
possible root disease, and isolations indi-
cated that only a fraction of these could
be justifiably related to H. annosum
(Tables 1-3). Indeed, other known coni-
fer root pathogens were isolated from
RSS roots and wood (the "root disease"
symptom most frequently observed, es-
pecially in live trees) more frequently
than was H. annosum. Additionally, at
least some (unquantified) of the possible
root disease symptoms observed (i.e.,
RSS) appeared to be a physiological re-
sponse to mechanical injury (e.g.,
trauma-induced resinosis) apparently
sustained during thinning, and many of
the root disease symptoms and signs
detected on stumps and dead trees ap-
peared to be a result of post-thinning
saprophytic fungus activity only.

In only one of the 30 plantations sur-
veyed was the occurrence of H. annosum
or root disease considered managerially
significant. In stand 25, wind thrown trees
were observed, symptoms of root disease
(i.e., RSS) were detected on 16% of the
live trees examined, 6% of the sample

Table 2. Occurrence of Armi//arie//a labescens in four thinned slash pine plantations in Florida

~here its predo~ was considered noteworthy"

~

.Stand locations shown in Figure I.
bWSR = white stringy rot, RSS = resin-soaked and/or stained, WS+At = water-soaked with

subconical mycelial felt of Armillariella tabescens.
, Ha = Heterobasidion annosum, At = Armillariella tabescens, Ps = Phaeolus schweinitzii,

MI= Monascusfloridanus.
d This plantation was the only one of 30 surveyed in which root rot was considered managerially

significant. The plantation was clearly "off-site" on a very deep, excessively well-drained sand.

goo 925 311 48 42 36,419
17.1 8.4 12.3 17.8

&,;
Sums 200

Means
---~ ,--

.Alexander (1), Alexander and Anderson (2).

.Symptomatic = resin-soaked or stained, necrotic andf or decayed.
, Recovery = no. of roots or units, respectively, yielding fungus indicated. Ha = Heterobasidion annosum, Jc = Jnonotus circinatus, At = Armi//arie//a

tabescens, Lp = Leptographium procerum, Ps = Phaeolus schweinitzii, Fp = Fomitopsis palustris, MI= Monascus floridanus.
1.. Respectively, 4, 2, 1, and 4 roots with subcortical mycelial felts of Armi//arie/la tabescens.
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plexity of stump and root decay ecology
and emphasize the need for recognizing
fungi other than H. annosum as key
players in post-thinning stump and root
colonization and possible root disease.

~.
units in our survey plots were dead trees,
and H. annosum was isolated from root
tissues more frequently than any other
organism (Table 2). Indeed, H. annosum

. was isolated from roots exhibiting water-
soaking and mycelial felts of A. tabescens
more frequently than was A. tabescens.
The precise roles of H. annosum and A.
tabescens in the root disease epidemiol-
ogy of this stand are unclear, however,
due to the coincident occurrence of the
pathogens and the fact that the site was
clearly not well suited for slash pine. The
site was characterized as a very deep,
well-drained, sandy soil (Candler Sand
of the Candler-Apopka Association).

The one plantation (stand 4, Nassau
County) in which we observed abundant
sporophores of H. annosum was located
on a flatwoods site, a site not considered
a high hazard for annosum root rot
(22,26,30). Webb et al (41) reported simi-
lar observations on a clearcut site in
north Florida. In subsequent investiga-
tions, Webb et al (41) were unable to
relate incidental mortality of slash pine
seedlings growing among infected
stumps to infections by H. annosum.
Their assessment of seedling mortality
may have been premature, however, as
it was performed only 18 months after
planting (insufficient time for stump in-
fection. colonization, and progression
into seedling roots). Periodic spot checks
over several years following our survey

. failed to provide any evidence of root
disease or infection center development
in our Nassau County stand, despite the
prevalence of stump infection observed
during the survey. In this case, it appears
that site factors (26,27) are effectively
checking the pathogenic activity of H.
annosum.

Relatively few and variable numbers
of plantations were evaluated on each
of the three broadly defined site-soil
types (Fig. 2D), and the seasons in which
plantations were reportedly thinned
could not be verified. Indeed, our survey
was not specifically designed to provide
a statistically reliable assessment of the
occurrence of H. annosum in relation to
site-soil types, season of thinning, or
interactions thereof. Nonetheless, our
results with respect to these factors are
generally compatible with the known
biology of the pathogen (19,22,26,38).

In general, our data show a potpourri
of decay fungi, pathogenic fungi, and other
fungi colonizing residual stumps and tree
roots in the thinned slash pine planta-
tions surveyed. None of the fungi re-
corded occurred at particularly high or
alarming levels, and overall, stump and
root colonization did not appear to be
the restrictive domain of any particular

..organism. The occurrence of I. circinatus
'WI was often, though not always, related to

basal galls caused by c. q. f. sp.fusiforme
(13-15,36). I. circinatus is known to be
a significant contributor to Florida's
sand pine root disease scenario (10). The
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Influence of Tillage and Crop Rotation on Yield, Stalk Rot,
and Recovery of Fusarium and Trichoderma spp. from Corn
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ABSTRACT
Lipps, P. E., and Deep, I. W. 1991. Influence of tillage and crop rotation on yield, stalk
rot, and recovery of Fusarium and Trichoderma spp. from corn. Plant Dis. 75:828-833.

An experiment was established in 1985 on a Hoytville silty clay loam soil in nonhwest Ohio
to determine the effect of tillage (fall plowing vs. no tillage) and crop rotation (continuous
corn [Zea mays] vs. corn-soybean [Glycine max]) on corn production. In 1987 and 1988, data
were taken on grain yield, incidence of stalk rot, and recovery of Fusarium and Trichoderma
spp. from stalk, crown, and subcrown mesocotyl tissue. During 1987 and 1988, precipitation
from April through September was only 69 and 40%, respectively, of the long-time average.
In both years, yield was significantly higher in corn-soybean rotation than in continuous corn.
Incidence of stalk rot was not influenced by crop rotation in either year, but there was significantly
higher stalk rot in fall-plowed than in no-tillage treatments in both years (1987 [P = 0.06]
and 1988 [P = 0.05]). Severe stalk rot in 1987 (87.5% mean of all treatments) was caused

primarily by F. graminearum. In 1988, stalk rot was much less severe (19.4% mean of all
treatments) and was caused by F. moniliforme. These differences appeared to be related to
different rainfall patterns. Levels of stalk-rotting Fusarium spp. in both years remained low
in the subcrown mesocotyl but increased in crown and stalk tissues as the season progressed.
T pseudokoningii and T. hamatum were prevalent in subcrown mesocotyls, crowns, and stalks
in both years at constant levels throughout the sampling period.

ghum-fallow rotation and a minimal
disturbance of crop residue and soil was
developed to conserve soil moisture,
reduce incidence of stalk rot, and
increase sorghum yield. In Delaware,
Fusarium spp. were isolated more
frequently from rotted corn stalks taken
from conventionally tilled fields than
from those collected in nontilled fields
(2). In rotation-tillage plots in Illinois,
stalk rot was lowest in no-tillage plots
with both continuous corn and corn-
soybean rotation (10).

Although tillage appears to affect the
severity of stalk rot, the influence of crop
rotation has not been consistent. In Ohio,
root and stalk rot were most severe on
plants in plots planted continuously to
corn for 7 yr and were least severe in
plots following soybeans ( G/ycine max
(L.) Merr.) (28). In New York, stalk rot
in corn following corn was no more
severe than when corn followed a small
grain or legume (I), and in Illinois, stalk
rot incidence was related to tillage but
not to rotation with soybeans (10).

The lower amount of stalk rot in
nontilled fields seems to be related to lack
of late-season moisture stress. Appar-
ently, reduced tillage fields maintain
higher soil moisture reserves throughout
the growing season than tilled fields

Corn (Zea mays L.) stalk rot is caused
by many soilborne and residue-borne
fungi (2,3,5,8,12,22) and is highly influ-
enced by plant stress (3,5, 7), especially

low moisture stress (5,7,21). Fusarium
spp. are most commonly cited as the
cause of stalk rot, with F. graminearum
Schwabe and F. moniliforme J. Sheld.
being prevalent in moist and drier
regions, respectively (3,7,8,22,29).

Reduced tillage and crop rotation
influenced severity of grain sorghum
(Sorghum bicolor(L.) Moench) stalk rot,
caused by F. moniliforme, in a semiarid
region (7). In Nebraska, a cropping
system with a winter wheat-grain sor-
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